Two major antigens involved in humoral and cell-mediated immune responses to leprosy and tuberculosis have recently been identified as homologues of Escherichia coli stressrelated proteins GroEL and DnaK. We are currently analysing the structures of the corresponding mycobacterial and E. coli proteins in order to determine which parts of the molecules are involved in immune recognition, functional interactions and autoreactivity. This work forms part of an investigation into the role of stress proteins in intracellular infections.
Two major antigens involved in humoral and cell-mediated immune responses to leprosy and tuberculosis have recently been identified as homologues of Escherichia coli stressrelated proteins GroEL and DnaK. We are currently analysing the structures of the corresponding mycobacterial and E. coli proteins in order to determine which parts of the molecules are involved in immune recognition, functional interactions and autoreactivity. This work forms part of an investigation into the role of stress proteins in intracellular infections.
(is kDa mycobacterial protein
The complete amino acid sequence of this protein is now known in several species. It is the protein most frequently recognized by monoclonal antibodies raised to mycobacterial extracts. Kaufmann et al. (1987) showed that 20% of the mycobacteria-reactive T-cells of infected mice recognize it, indicating that it is an immunodominant antigen. Western blotting using monoclonal antibodies raised to the mycobacterial 65 kDa protein showed that it is immunologically cross-reactive with a common bacterial protein of molecular mass 60-65 kDa (Young et al., 1987) . This protein has recently been shown to be the product of the groEL gene in E. coli (Young et al., 1988) , and there is approximately 60% sequence identity between the two proteins. Thus, the proteins identified by antibodies to mycobacteria and by the analysis of bacteriophage assembly in E. coli groEL mutants, appear to be homologous. The synthesis of both proteins is upregulated by many forms of stress, but their function has yet to be elucidated.
E. coli groEL and groES genes have been cloned in the vector pBR325 (pND5). E. coli cells transformed with pND5 overexpressed GroEL, a 60 kDa protein (Fig. l a , lane  1 ) . This was purified using an adaptation of the method of Chandrasekhar et al. (1986) (see Fig. l a , lane 2) . ELISA and immunoblotting showed that many of the monoclonal antibodies raised to the 65 kDa mycobacterial protein crossreacted with the groEL gene product.
Polyclonal serum raised to the GroEL protein bound to the mycobacterial65 kDa antigen (Fig. l a , lane 4) and to an extract of human lymphocytes ( Fig. l a , lane 5 ) . We are now purifying this human GroEL homologue to examine its importance in the immunopathology of tuberculosis and leprosy, and in autoimmune diseases.
kDa mycobacterial protein
The 7 1 kDa antigen of Mycobacterium tuberculosis is recognized by human T-cells during infection (Britton et al.. 1986 ) and monoclonal antibodies to this protein have been described. Part of the sequence of the M. tuberculosis 7 1 kDa antigen has now been elucidated, and it was found (Young et al., 1988 ) that this portion of the protein exhibits 40% amino acid sequence identity with the comparable part of the dnaK gene product of E. coli, as described by Bardwell & Craig (1984) . The product of the dnaK gene is a member of the hsp70 (heat shock protein) family, which is a highly con- served group of stress proteins in prokaryotic and eukaryotic species.
We have purified homologues of the hsp 7 0 family from various sources. A Agtl 1 clone (Y3111) from the M . tuber-
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BIOCHEMICAL SOCIETY TRANSACTIONS culosis (Young et al., 1985) produces a 71 kDa protein. The DNA insert from Y 3 1 1 1 was cloned into multicopy plasmid pUC8-E. coli cells transformed with this plasmid overexpressed a 71 kDa protein (Fig. 1 b, lane 1) . Using affinity chromatography we were able to purify this recombinant protein (Fig. 1 b, lane 2) , and polyclonal serum raised against it was shown by Western blotting to bind to the mycobacterial 71 kDa protein (Fig. lb, lane 3) , to the E. coli homologue DnaK (Fig. 1 b, lane 4) , and to the human lymphocyte hsp 70 (Fig. 1 b, lane 5) .
The prominence of these two stress-related proteins in the immune response to mycobacterial infection suggests that their role is important in the reaction of the bacteria to the host intracellular environment. Studies are underway to examine the B-and T-cell response to these antigens in human cells, and preliminary experiments investigating the antigen specificity of the T-cell repertoire suggest that the GroEL protein is immunogenic in some individuals. The induction of mycobacterial proteins in response to stress is also being analysed currently. We are collaborating with members of the Department of Immunology at University College and Middlesex Hospital Medical School to investigate the possible aetiological role of cross-reactive stress proteins in autoimmune disease.
Pullulanase (EC 3.2.1.4 1 ; pullulan glucanohydrolase) is a starch debranching enzyme exported by many of the Gramnegative Klebsiella species. The enzyme is covalently modified to a lipoprotein and is then transiently localized to the outer cell surface where it is probably anchored via the lipid moieties. Subsequently, pullulanase released from the cell surface accumulates in the growth medium. Escherichia coli has no endogenous pulA gene, but will overexpress pullulanase directed by a cloned gene (Michaelis et al., 1985; Takizawa & Murooka, 1985 ; B. M. Charalambous & M. J. McPherson, unpublished work) . We have found that around 30% of the pullulanase in such cells is localized to the outer cell surface where it is able to hydrolyse the added substrate pullulan in whole-cell assays. A simple selective extraction procedure involving incubation of whole cells in a 10 mMTris/HCl (pH 7), 0.01% (v/v) Triton X-100 solution allows efficient recovery of this cell-bound pullulanase.
Pullulanase from Klebsiella pneumoniae FG9 has the unusual N-terminal amino acid sequence:
C-D-N-S-S-S-S-S-T-S-G-S-P-G-S-P-G-N-P-G-N-P-G-T-P-G-T-P-
The six -G-X-P-repeats are highly characteristic of the collagen class of structural protein. In particular, the primary structural organization of FG9 pullulanase is strikingly similar to that of mammalian 'collagen-like' proteins such as component C l q of human complement (Reid, 1985) , pulmonary surfactant apoprotein (White et al., 1985; Floros et al., 1986) and mannose-binding protein (Drickamer et a/., 1986) that exist as trimers non-covalently associated by an N-terminal collagen-like helix.
We have demonstrated that pullulanase also exists as trimers (3 15 k 15 kDa; n = 5) and that highly purified collagenase (from Achromobacter iophagus, Boehringer Corp.), *Present address: Department of Biochemistry. University of Cambridge, Tennis Court Road. Cambridge CB2 I QW. a very specific probe for collagen-like sequences, disrupts this trimeric structure. Non-covalent interactions have been examined by non-denaturing Triton X-100 polyacrylamidegel analysis coupled to an overlay activity test for detecting Pullulanase (Pul) preincubated (37"C, 2 h) in the presence ( + Coll) or absence ( -Coll) of collagenase at 1 rng/ml was electrophoresed through a 5-15% (w/v) acrylamide gradient gel. Before Comassie Blue staining, pullulanase activity was detected by placing the polyacrylamide gel in contact with a 1% (w/v) agarose gel containing Blue-pullulan for 1 h.
